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ABSTRACT
Basic data on physical properties of Illinois
crude oils, including API gravity at 60° F, viscosity
at 50°, 77°, and 100° F, and interfacial tension against
distilled water at 77° F, are presented in tabular form.
More than 500 samples of oil were analyzed. The samples
were taken from producing wells located south of the base
line to the third principal meridian. The base line ex-
tends roughly from south of Belleville through Mt. Carmel,
Illinois.
Samples were collected from pay zones in Penn-
sylvanian, Mississippian, Devonian, Silurian, and Ordo-
vician strata.
INTRODUCTION
The need for fundamental data on the physical properties of res-
ervoir fluids and on the role these properties play in oil recovery becomes
more urgent as research in petroleum technology expands. The lack of
such
data is particularly felt in areas such as the Illinois Basin where primary
recovery is diminishing and secondary and tertiary operations are increasing.
An Illinois State Geological Survey project has produced such
information about the physical properties of Illinois crude oils. The
data collected and presented in this report liave many applications.
They
could be used in studying flow of fluids through reservoirs, in correlating
the physical properties of the crude oils with their geologic occurrence,
in determining relationships between physical properties and effectiveness
of waterflooding, in predicting physical characteristics of a crude oil
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from its geologic occurrence, and in predicting how reservoirs would react
to specific recovery methods. A comprehensive compilation of the funda-
mental facts gathered here also could be of great value in reservoir engi-
neering calculations concerned with primary, secondary, and tertiary recovery
of Illinois crude oil.
The project was begun by Paul A. Witherspoon. Samples have been
collected by many members of the Geological Survey staff over a period of
several years. Data for samples from producing wells located north of the
base line to the third principal meridian were published in Illinois Petro-
leum 78 (Armon et al., 1964).
In order to compile a report as comprehensive as possible, all
pool-pay combinations of over 200 productive acres were studied, and appro-
priate single- zone well completions were sought with the assistance of
operators within each field. In all but a few pools, suitable wells were
located for sampling. In a few cases multiple-zone completions in an entire
pool have made it impossible to locate good single-zone samples for study.
At the beginning of this study, an effort was made to obtain
samples from wells that were still in some stage of primary depletion to
avoid introduction of unknown factors as a result of secondary recovery.
In the later phases of the study, large-scale waterflood development of
many pools made it impossible to procure samples under primary depletion
conditions. Rather than eliminate interesting pay zones from the report,
we chose samples from appropriate single- zone wells whether they were part
of a waterflood or not.
SAMPLING PROCEDURE
Selection of an appropriate well for sampling was made by one of
two methods:
I. Records in the Geological Survey were consulted to find single-
pay and non-waterflood wells, the sample was taken, and the
operator was asked to verify the status of the well as to pay
zone and depth for the date the well was sampled.
II. Operators of a pool were asked to consult their records to
suggest a particular single- zone completion being sought for
sampling. After this information had been received, samples
were taken as soon as possible, and Geological Survey records
were checked to verify the producing zone. .
In a few instances, confirmation had not been received from the
operator at the time of publication, and information as to depth
and pay are submitted on the basis of Survey records only.
Approximately 850 samples were collected, which represent the
majority of the significant oil-producing formations in the state. Part I
of this study reported on 344 of these; this report includes approximately
500 samples. The samples are from the area south of the base line to the
third principal meridian. The base line nearly bisects the Illinois Basin
and runs approximately from Belleville to Mt. Carmel.
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The samples from the south half of the Illinois Basin were
collected from the following pay zones:
1. Pennsylvanian— Jake Creek, Bridgeport, Mansfield, Biehl,
Buchanan, basal Pennsylvanian . 129
2. Chesterian—Degonia, Clore, Palestine, Waltersburg, Tar
Springs, Hardinsburg, Cypress, Sample, Bethel, Paint Creek,
Benoist, Renault 157
3. Valmeyeran—Aux Vases, Ohara, Spar Mountain, McClosky,
St. Louis, Salem, Harrodsburg .......... «202
4. Devonian— Ling le, Dutch Creek, Clear Creek 6
5. Silurian 8
6. Ordovician—Trenton 5
Samples for analysis were collected in half-gallon glass jugs
from bleeder valves or, in exceptional cases, from stock tanks at the well
sites. At wells where production was a mixture of oil and water, a glass
water-oil separator was used in which oil and water, as pumped from the
well, were allowed to stand until separation was complete. The water was
drained from the bottom of the separator, additional oil and water were
added, water was again drained, and the process was repeated until a suf-
ficient oil sample was collected. Agitation and exposure of samples to
air were kept to a minimum.
Samples were sealed and delivered to the Illinois Geological
Survey analytical laboratory for analysis.
ANALYTICAL PROCEDURE
The physical characteristics determined for the crude oil were:
(1) specific gravity, (2) viscosity, and (3) interfacial tension between
crude oil and distilled water.
Specific gravity was determined at 50°, 77°, and 100° F (tempera-
ture controlled within +0.1°F) by the glass hydrometer method. Determined
specific gravity was converted to specific gravity at 60° F and then to API
gravity at 60° F using ASTM-IP Petroleum Measurement Tables (ASTM Comm.
D-2, 1953).
Viscosities were determined as kinematic viscosities at 50°, 77 ,
and 100° F (±0.1° F) with the Ostwald-Fenske type of viscometer, in which
the time required for a standard volume of oil to flow through a capillary
is measured in seconds and converted to viscosity in centistokes by use of
appropriate calibration factors. The centistoke reading was converted to
centipoise by multiplying the centistoke reading by the oil density at the
temperature under consideration. Viscosity calibrations were made using
National Bureau of Standards liquid viscosity standards (ASTM Comm. D-2,
1953).
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Interfacial tension values of crude oil against distilled water
were made at 77° F (+0.1° F) with the DuNouy tens iometer equipped with
a platinum- iridium ring. The procedure involved measurements under non-
equilibrium conditions, Interfacial tension values of crude oil against
xtfater may indicate the presence of compounds having a strong affinity for
water (ASTM Comm. D-2, 1953).
When the interfacial tension of a sample was very low (below
about 20 dynes/cm ), it is probable that a chemical had been injected down-
hole or at the well head to break up emulsions or to control corrosion.
From some of these samples we were actually able to verify the fact that a
chemical was being used in the well from which the sample was taken. The
engineer who uses the data given here will, of course, recognize that any
chemical added to the produced crude oil can appreciably change the inter-
facial tension.
PHYSICAL PROPERTIES OF ILLINOIS
CRUDE OIL
On the following pages, the analytical
data derived from the study of the crude
oil samples are presented in tabular form

































































ft H ss W S
«5? co SB *a
55 s
2e S£ SB w
co co 8 CO a
















































































































































CM CM CM ITN
CM NO NO NO NO
VO • 1 1 1
1 l-i <H r4 in



























o t-l CO rH t>~
CM CM ON NO ON




O O O O
> >' !> > >





in in NO i NO
NO NO 1 j* 1




















ON t^ ON O J"
rH t-K rH
O rH c- m CM
^t ON m o CM
• •
o NO in NO KN
rH
r-t CO r«- NO t-
ON NO o KN d-
NO d" d- J- CM
CM CO CM rH CO
m ON NO m t-\




























































CO w CO H
M s CO
o o
r- EB NO W
NO s NO co
c w C W C w c w c H
•H





±d CO X CO i! CO
i
CO ^jd CO
C NO C "-o C M3 NO ^ NO
CO 1 CO i a) t cfl 1 CO 1
U KN u m t. NO E o 6 c—

























































r— un VO OO t-
o t— ON 00 00A o O O o



























































r— KN CO CM rH
o VO r>- rH rH









CVJ VO ON CM
rH A A t*-







VO ON O CM UN







































































K W (4 o oA W © W O W rH w rH
1 o H •O rH •a 1 •d 1
CO h 1 S 1 C CO it 01
vo cd CO a) co a CVI a) KV
1 5 CM ? KN S 1 » 1
o "O 1 TJ 1 •o KN •o *
CM w UN w r-i w rH w rH
Ch C •p
3 <u •o Ch
a o a rH CJ> o o
Ui 0) ft
2= "O c c •H c a> G
o o cd o <w o bo o rH
c fc. •H h •H m •H •a •H £
•H u XI cd ja c •Q •H A a>





































































































M w m wH SB o o o
w H M A rH U H rH
•a 1 •O rH 1 •O i 1
u CO U I a> CO u CO <u 03
rd CM cd co •p KN cd KN -p KN














u U A O o u u
a 10 +> o
c C >H c CO C in c
O rH o a> o <l> O -r-t O -P
•H J3 •H •!-> •H C •H o •H C
o a> « iH A xi a rQ -H



































w o m rH
T3 iH •a rH
£ 1 u 1
cd CO cd 00
3 CM 3 CM
•o 1 o 1
w rH w VO
w w
o O o CD
10 Id






1 u rH r-i r-t r-t r-t
a CO
K a
CM U\ CM o\ rH
• 00 CO 00 l>- CO
XI • St- o o o O
CO o t-i H r-t 1-t r-i







1 rH O CO
u cd •H CO
0) •rH to c
-p CJ c R










































































vo i-l t- KN 00





r-t on VO cvj CO




iH o ON CO ON
KN i-t r-t ON CVJ
KN & oo kn st
t—
KN
1 >> CVJ j*,5 ON vo CO
ca -p • • « • *
u •rH CO t^ rH C— t—
hO > K> K\ KN KN KN
u CVJ CVJ ON KN O
G P o J* cvj O ITN
•H <H l-t iH 00 CT\ ON
o
a










o c ON l*> rH ON J*
>H O O rH 00 CO ON




Se s & i*
.3- w zj- H- d-
(0 r-i (0 rH CO rH CO rH CO H
T3 i a rH o I O 1 •o 1
u CO (H 1 <H CO IH CO h CO
rd rH cS co cd CVJ cd CM £3 CVJ3 1 3 CVI 3 1 3 l 3 1
a CVJ •o 1 •a ON a oo T3 o








00 r*N CVJ >- ir\ KNO CO f~ CM J- ICN
r-i ON ON rH r-i CM
O O o O o O
> > e< > > 1
• * • I
m PP CO pq
lf\

















ON VO VO KX r-i
VO m VO CM in
o KN C— IfN UN
• 1
CO CO ON O CO 1
t-i KN .d- t-i
o CM CM ir\ KN





ITN O T-\ ON VO CM




































































co CO CO CO 1
Is 13 & IS 2=
CO tn
a
3 a CO Kl
ps o
3r •p & x: W W
CO rH 60 t-i & & CO CO W
-O 1 c 1 rH VO 1 cxi











-O ON n) m CO 1 CtJ Jd- CO VO CCt IW CM S KN a C— S: m & CM s- St
w CO G
CO p G CO
c <? i>» CO •H •rH
o !> CD ri s rH
•H rH o o 3
X!
|
XI G rS H
rH (0 o ca •H

































o O o O
•
> > > > >
• • a • •
ffl n « PQ
un
r-l rH vo
VO vo un r-t i
1 1 so VO IA
























































































00 vo ON CO OJ
r-l st IA P~ UN
• • •
J* m st OJ UN
tn CJ IA in IA
OJ IA IA KV IA
vo
00 m CO o vo
ia NN (A J* rA















o P- rA VO 00
P- OJ O IA P-
o d- st 00 o















vo UN 00 c— st
IA IA IA o o
t-l r-l rH IA IA































































c w C w c M
•rH OJ •M 0J H CM
rH 1 rH I rH 1











h UN fH UN rH LfN





























^ CO r— i i







































































































































































o C & P



































































































































































































c w O W .d- J"
o c— (0 J" to rH to r-Hp 1 rl 1 •o 1 -a 1
rH CO 0> CO u co S-. CO
•H :* "4-1 CM n) rH rt rH
l
1 %H 1 3 1 3 100 0> CM •o CO T3 as








o CM r-t 00
vo VO vo ITS





























































.* VO rH co
r-\ d" rH CM o
• «
CO 00 O os zt-
cvi CM rH





vo t- CVI KN vo













































SB SB SB w a
J- d- J- rH O
cviW r^ to rH to rH to t-\ (0
•a i •a
CO
•o 1 -o i-4 1
t-i co h rl CO u CO CD CO
Cd r-i a) rH rt <-t C8 rH U t-H3 1 » 1 5 1 3 1 U 1
-a co -o os •o CO •o 00 01 OsW r-t w rH w rH w l-t •^ t-\
rtO O o 4-> O
9 ft5 ftcd O c^^ pa O
rt
o S o to
o
a; JC cu iM 01 rl 0) rH •o o




PQ B o £ O Ocq s On cS
- 11 -
un jd- KN ON ON
MD t— t» NO 00








o o o o
CM o rH KN rH
C-- CO CO CM t—
o CM CM d" rH
iH rH rH rH rH










> > > > >
» • • •
PQ m m pq
in
^t rH rH rH NO
C2> VO NO NO i
i 1 1 1 rH























NO CM CM 1 CM























r~ =t CM UN 00
rH rH rH
fc
CM UN CM 00
o t- rH rH
• •
•
d- 00 C— 00 IfN
rH ON ON CM O
J* rH CO 00 00
* •
KN NO un UN KN
d- KN UN OO UN
• • •
•
NO NO NO CM rH
KN KN KN KN K\
CM NO 00 CM OO
• • •
ON its IfN * t—KN KN KN KN
KN rH O O 00& H; UN CM ON
iH C— NO O ON
CM CM CM K\ CM
1 1 1 1 1
C— NO ON CM d"
CM CM KN ON ON
iH t— NO ON ON













.5» CO (0 to H> c o c 0)





« << m o A o
8
a
c 3: 3: 3= *
o w d- d- d- 5*
10 CM W rH CO rH rH rH
h 1 •O 1 •o | s: 1 J3 1
<L> co >% co fa CO in co (0 CO
iH rH CO rH cd rH cd rH cd rH
tH 1 S 1 3 | x> 1 A 1
1) ON O 00 •o KN 01 c- cd K\
a rH W CM w KN 3: CM 3= KN
O cd o o
U j3 u o























































































NO KN UN CM UN


























































































































































B <D o >
a r-i' u •








o w eH II «
8 I *
H *H -P —* ft
i >» O CM O CM voM CO -P • • • •
Ph fc -H m VO CO c— c>-
< (50 > KN KN kn kn kn
W ^ CO OS o r-i kn m
•S c
KN d-
rH rH CM KN KN &
o •*-* KN KN KN KN KN CM3 1 1 1 1 1 1
-O 0) ££ VO ON CM U"\o c CM VO r~- KN
fc. o r-\ rH CM KN kn UN






























































































































e§ CO i § §
B 8 CM ws





























































































































































































































































>l >. wp p COH m •H w























> > > > >
• * • • •
« « n m ffl
UN
vo UN in in CM
1 VO VO vo VO
in 1 i i 1
r-i UN in in d"
1 1 i rH CJ
o i-l i-» 1 1
























































oo 00 oo on o\m kn KN m KN
vo H in o vo
00 vo H vo H
CM CM r-l ON C—
KN KN KN CM CM
1 1 1 1 •
J- in t— ON d"











M H w ft
o w
t- oo oo i >- i
cd i <D 1 CD 1 (1) CO <D CO
C CO
K> CM £2 £2 1? <M rHVi 1
nS I (0 1 a) i co oo <u j*3 oo 3 CO 3 CM 3 rH r^) rH
O CJ CJ
fe >» to >> w 00P P -H P >5 a 01H H 3 •H :* u ID
o o o cj ta i? 3 J?
cti ^ o > >h rl }» >> 1-4 rH rH
a) nj a) • a) CJ •H 3 rt 3rH £ rH -P rH O O o


























































































CJ 3 CJ CJ
tJ t. -a 10 a 10 TJ w
fn & h c E w u SO O •H O a> O r»
















> > >" >" >
• * •
n n A n «




















rH i-t H 1 rH




CO & OVO vS UN
UN UN UN VO UN
C— r-i X rH KN
CVI rH rH CO O























M W W W wO o O o o
rH
|
rt rH rH rt
<° & g CO <u CO a> co CD 1COP VO p vo •p VO •P VO p vo




































•a x o IA
U ia (4 m
o o o CD





































































rtl i-H fn •































































































































































































































































vo 0- tn m vo
vo E— C- t^ vo vo










o O O 1O
H > > > >* >'
• * • • • •
CO « n m n n
<H 3 5 3 i-i rH
vo i i i VO vS
( o o o 1 100 i-i rH ri 00 00
CM 1 1 l CM CM
1 rH i-l r-t 1




























•p rHp CO p >>
CO H n) co
> o >
§CO a CO
u 0) FH CD























































o in d- KN VO VO
KN KN KN KN KN KN
d- CM 00 CM CO UN
• • •
















1m 1 CO KN ON CO
f- r-t 00 O H t-io CM o KN O r-i









w SB > ^
S3 CO a - CO COo o
S: KN 3 at ^ KN W 3




































VO US vo VO us
1 VO i 1 vo
ao 1 CVJ CM i
CM CM CM (VI CM
i i 1 1 I






























































































> > > > >
• • '« • •








c- rH 1 rH
CM 1 rH CM •
1 rH I 1 r-l
















































































§ %\ SB23 3
8 B A
o








































o ° & •H


















































































c w c a c A c A C
o vo o VO o VO o vo •H Ap 1 p i +> 1 •p 1 rH "S
•H CO rH CO ft CO rH CO V |
§ vo














4> fe >> •^ <"U ^ X 60 wO rH o J? S3 <Q U 10 C £J
4> > o o T* >
4> £ 01 0) rH 4> rH b
rH P rH
I
rH O rH o













































1 1 4-1 1
Sh VO 4> C^












1 u 1-1 rH H rH rH
fi a
« a
o M oo rH ON
« IT\ 3 o rH OA • J* KN KN KN
a o i-l rH H rH rH3 c 1 1 • 1 1O O O O O
g • • • • •
a a> o > > > > >
CO rH (4 • • • P





















rH O (0 S
rl CO iH S O
a -h co c
•P O C >> !h
C CO CD "O CDH «m -P •— ft
H cO -P


















(VI CV1 CVI CVI
un vo vo vo VO
vo t i 1 1
i rH KN d- KN
KN eg CVI CM CVI
1 • 1 1 1
























































































o A o R O Mw d- (0 w KN
Sh s i ft 1
0) CO <u CO CO CO
*h rH «H rH <w rH
<« 1 <t-l 1 <M I
(U rH a> t>- a> ;*











VO on 00 t- KN





























«H VO c^ in vo
CTN vo vo rH CM d"





rH H rH [*-
































w A rH 60 rH
fn d- c 1 C 1
CD 1 •H CO •rl co
<M CO £ K\ A KS
<w CM CO 1 CO 1
CD 1 CO fA (0 IV







VO 3 ITV CM ON
o 1 i VO VO i
CM
CM CM VO cn
CM
CM
rH 1 i 1 i 1
rH os ON if\ ON IV
ON ir» CM d" CM u\
t*- ON f*N t^- CM t«-
• • • *
ON vo CM * & VO
rH CM H CM rH
K\ ON ON CM r*N vo







oo VO ON OO VO OO
.=*• VO vo ON ON H
•






























































•p SB A w
60 rH t- tv
C I CO i CD i
•H co c CO C CO£ KN •H oo •H CO
CO 1 rH 1 rH 1
J? O co o 3 ITN2= CM CO CM H
HO




o o o o c o A
4» CO •p •a iH •o CO
CD co CO CO CO (0 CO CO cO •P CO uo O •H -H •H CD H -H & 10 (4 CD
•H H o o O R O O 0> O •P
> U 9 c A
o
a c •o rH -d rH
s
o S rH rH rH rH rHw COHi rHA al
- 17 -
^ CO m vo st
CM (VI CM ON CM
i-^ KV KV d- KV
t-i f-H t-i t-i t-i
1 1 1 1 1O o o O O
> > > > >
• « • • •




CM cvi cvj 1 CVJ
VO VD vo rH VO
1 1 i «H 1
in in in 1 in
1 i i rH i




































OV St vo OV KV


















































* * a a co4 J
_
a 3= CO .2 w w M




in ;s ^ & w
KV a 3 a a
w w W W W
t- t- t- f- f-
OJ i (1) 1 4) l CP 1 CD 1
C co c «J s co C co C CO
•rH 00 •H 00 •H CO •H CO H oo
—
1
1 H I rH i t-i 1 rH •
rt o ca vo rt in tfl VO crj KV
og CM CO rH CO rH CO r* CO CVI
10 to
O 60 O h O o M
e 3 w <o
o •H O A o o Of o a;
•o h "O u "O to T3 10 •O CO
CD 04 03 c ca to a) ^> CO a)
rH CO H •H U CO Fh > tH >
o O •o o Sh o o




§H n) rH n) rH t-i t-i
H Eh W K w CJ W <: w <=
KV rH KV CMin OS 00 00 00
co o St CM CM
CM rH rH t-i t-i










H to >> m
•H tH lH >
> O CD
Jbd c rH

























t-i in CM CM




















1 • • • •
1 »- i>- CM
rH
vo
CMO 0000 CMrH COo
1
1 d" H/ in d-
in






















































e! S: ws a CO




W (4& o o W W
c rH to rH 10 t-i 00 OO
o 1
-o 1 a 1 1 1
1/1 CO u CO Jh CO CD co CD toM r- crj CM ctj CM -P in -P in

















































































ID o rjfl o
•H rH c r-H
<n O •H O
C Si 3 O




1 u rH i-i rH rH CM
CD m
cc a
in vo St r- KN
• d- d- St st St
JQ _ o o o o o
Cfl o .-i rH rH rH HJ c i 1 1 1 1o O O O O
1 a
o
• • • • •
a 0> > > > > >
Cfl rH u • • • •


























1 rH O w a CM





a cfl 0) t3 atH <h P — P.
CVJ
rH cfl -P •















































































































































1 1 co i cvji c co
CD CI) CVJ CO m cfl i & tn JS? '
co :s KN s cvj 3 t- > CVJ * c-
C
>» u o o o O -H
rt CO
P. a> co CO CO CO -P
+> p -p VI •p P Ci
•a at CO cfl 4) CO ca 3
c 60 W 60 60 to 60 60 O
cfl C (0 c r-i c
.3 C C S
0) 0> a> <u CO !> CO CO CO
rH T3 h d XI o T) u "O fn
O t-i £ rH p H 3 rH cfl rH COO o o fl) O
s
JS (D p.
CM C3 o O n a < o O CO
J- CVJ o m ON ONin rj- ON in KN J-










1O O O o O O
•





• • • • •







1 5 <vlNO 3in 1 CM i 1 1
rH in rH 00 K\ NO
1 rH 1 r-i CVJ r-iO 1 rH 1 1 1































CVJ W& & •s.

















in r— KN t— KN 00


























































































1d O rj ON
rS
OO T3 1 cfl CM co VO










aj •P CD CO CO U CO 0) 01




60 £ cfl60 £ cfl60 co CO60 fto s, COto
C S c w B to C •O a c
.£?
0> CO o CO O 0) O CO a CO >
TJ Ch T3 rH o rH a E XI u
-o
rH cfl r-i O rH O H u rH •p rH




























> > > > >




rH vo r-t «h rH
VO i vo VO VO
| rH 1 1 1
VO rH l— c— vo
rH 1 rH rH rH
1 H 1 1 1




























KN CM ON CM UN

















































3 W HCO 8
M
55 | WCO Hco 2Ss
w W W W H
On ON ON ON C\





1 I rH1 £ rH1 C>> 1
g VO a) r- tfl CO a) d" 0] KN














4> 43 e to c c g
co a> a) >» o a> o o 5- o >»B CO to .* o to o o o ju
c ret c W £ J? £ £ (0 £ W
• > at O > re o oa •a rH <M <iH u <M rH <M rH
rH X rH u rH
s
rH re r~! O rH cj





































VD IfN CM CM CM
I VO vo VO VO
vo 1 • I 1
rH t— f— t— «*-
1 i • 1 1




CM K\ C— KN CM










IfN ON ON VO rH
CM rH VO ITS ON
• •




ON O 00 C— CO
KN n- KN KN KN
CM IfN it KN CMO ON t— vo t—KN CO ON 00 CO
KN CM CM CM CM
1 1 • • I
CM KN f- LTN
vSON DO vo U"N
CM CO o. CO CO
KN CM CM CM CM
S £ asCO 2sCO 5s
CM M S wCO 2BS3
o 3 g 2sCO B
w
ON R IfN ft ft
1 a> i a> 1 CD i 0) 1
0> CO C co c co c co C co
££ H 00 •H ao •H 00 •H oorH 1 rH 1 rH i rH 1
re oo re vo re o re d- re IfN





(0 o w (0 w 0J
.<? s CO rd
o > o o o> o >






re & re 5













































o> i IC co CD CO
•H CO P r—
rH 1 H i























H ^ -P ^ ft





















CO d- ft a\ vo
VO CO zt kn CVJ
P- p- H r-l i-l














o .a O ja O r* o
co ca ft M
o ft o ft n £ •o WH CD r-t 4> ft rH 0)
ca -p 0) P nJ n) ?H
ft H ft rH ft ft ft
ao> J? CD JE? <u co at
« 5= w & a: &h 35 o
>
ON on UN UN vo
UN in VO VO i
1 i • 1 VO
















































i i-i O to a rH =t CVI ON CVJ
ft co •H 4) O • • • • •
d> •rl 10 2 CVI o CO ON i-lp O c >> ft KN kn CVI KN



























































•rlP ON1 •H-P ON1
ON
1
CD CO a> CO CD CO (0 CO cu COP vo p vo H p» rH p- P vo
•H 1 H i rH 1 i-l 1 •rl 1
g
KN





































o KN d-vo O P- P-




O O 1O io
> > >' > >'
>;• • * • •
m A m m m «
UN in in UN







1 i-t f-\ P- rH rH
rH i t CM 1
1 o o 1 o OON ri <-\ vo r-\ rH
KN CM CM 00 O CM
CM ri ON VO KN UN
• * • • • |O H P- CO i-i it
rH rH r-i rH
O UN ON UN CM o
P- CM r-{ CM CM VO
• • •
•
d- VO UN it vo P-
UN CM O P- UN CM
it CM CO r-t =t CM
•
KN UN KN KN d- UN
UN CM CO P~ UN KN



















































































































•H CD CD ft o
ft ft H (9 (0 rH
ft
e
t>> CD CO s CO o






R J- VO KNst KN
H cm t*- rH rH
• i i 1 1O o o O O
> 1 > > >
1 • • •
«" A n 0)
in
SO ON
1 m in «A




H •' 1 1











































St CM oo St
• • • •
VO t— VO aKN KN KN
r^ St K\ 00
o O t- rH
o O O .3-
kn CM CM CM
1 1 1 •
CM o K\ St©O GO O $
















































© 3 o 2 ©
ft H A •H




c «& § 0)u
CO •
C +? C -p 1 3
s u
2 <o 1 k
H CO M CO H 2 H &< H o
3- rH fc- KN VOON VO KN KN KN






o O O O
> • > > > >
* • • • •
ffl A ' « A CQ
IfN
VO
1 vS CM in IfN
rH l VO vo VOH CM 1 i 1
• CM vo rH r-t
rH 1 1 1 1



















































































ON ON in m OO






















c o C o c o C w a W
•H f-« H r-t •rl rH ft ON •H oP 1 -P 1 •P 1 P 1 +J rH
CO CO CO CO CO CO CO CO CO
rH t— ft 00 rH CD rH CO rH CO
rH 1 H 1 rH 1 rH 1 H OO
CO d- CO r-t CO ON CO KN CO 1







































































c w CH ON •H MP 1 -P ON
(0 CO CO 1
rH CO cH CO
r-t 1 rt CO
















A S9 a> o














H <M -P *-* P,




























































































































S* -H CO VO t»- CO GO
b£J > IA ia IA IA IA
bO *-. rH r-t vo IA IA










TJ CO IA vo t- ia OS
O C O VO IA tA CO
U O CO IA UN rH CM
















g c d> fl
o o Ih o
-p •P p Ci •p rj
bO w ciO bO o
G •H c h c p
•H o •H rt H G
>










































































































• • • • • *































UN ON VO CO IA CM

















y 3:a | g




































p P <D CDM •H •H rH rHO O rH rHC CO CO •H CO •HO G CD G CD > CD >p p o CO o CO G CO G







o § Is JO, COo x;



































> > > > >
• • • •
PQ pq PQ n m
UN
CM ON ON SO
ir\ NO LfN ir\ 1
NO t 1 i rH
i rH CM cvj rH
t- CM CM CM 1
1 1 1 rH
UN oo t— r— rH
kn ON UN NO NO




rH NO NO rH ON
ON C— KN H- NO
•
h- NO LT\ LT\ NO
O NO KN O- CM
NO 00 ON 00 o
• •
KN KN KN KN UN
o
KN
NO OO St CM NO
c— c— o- c— LfN
KN KN KN KN KN
rH ON H- NO KN
rH NO o rH t—











NO NO o CM H
UN =t OO O NO
rH o o- O UN





e w C W C W c HNO •H ON •H ON •H ON
i 1 P 1 •P 1 p 1
a; CO 0) CO at co fl) CO ctf CO
£7 £ rH1 rHrH ON1 HrH 001 Hr-t CO1
n) kn CO =t NO CO NO n) KN
3: kn s iH © rH O KN O KN
O co
o 41 S
rH rH bo bo H
r-l rH (h w (h 3 C
•H •rH 10 3 3 CO
> rN > 0) c .o c A C >
c .* c (0 O to O (0 O rH
o to o
^3 •H u •H Ft •H >>
to o to > P <o P a) P oa
C r-l C O p O p O
s. o
o o o 3 § n) g
rH
CO §
ra S -» «a! » s >t s r3 Ph





















































.O •H A rH £> w
c/1 <M (0 (0 to





































































NO UN UN UN CM























































& w H3 w
— co COO o
OO 3! CM w
CM w H" 3











t SV C rH>> 1
H- CO t— CO CO CO 0O































































































o rH rH iH rH H






Cfl H rH rH r-H r-t
o cfl 1 1 1 1 1
to ON ON 00 CO CO


































fe (Nl CNI O CM UN
o CO it O it CM
o • • • •




fa NO ON rH O ON
h it CO CNI C— t^-p c— • • • •





fe O st =t- ON CM> o rH NO rH o CM
o • • • • •
o o KN KN it it
rH rH
c _,__
1 rH o w e H ON CNI ON O
M Cfl •H CD o • • • •
0> •H n & it,
m CNI rH NO NOp O c KN KN l*\ CNI KN
c CO <d O 0)
1 >> UN it O it COM CO p • * • •
Hi U •H rH 00 ON t— CO
< 60 > KN KN KN KN KN
60 -, d" 0- & CM i>-c P ON P- H ON
•H <M UN ON (M KN CM
o ^—* CM CM KN KN K\
3 1 1 1 1O CD r^ NO CO CM O
o c CO NO it O ON
h o UN ON CM KN CM
cu N CM CM KN KN kn
CO
3=












d- it w H
rH rH ON w ONA 1 .a 1 1 ON 1




rf3 1 1 1 I COrH & H
CO NO co NO CO f- CO 1 CO [>




















oP W Op >4 o O o ^
60 M 60 (0 p P s p to
C CO a o w CO to CO o




K O y CO o CO o o
r5 &
o 6 oHi <& oHi o2
NO
rHO it m tA oon




















• • • • |n A n A A s
CNI t-< r-i NO
CM NO NO NO d- 1NO 1 1 1 3 CM
1 K\ CO CO I CM










ON f- H KN CM oCM ro NO ON rH NO
•
00 r-\ it KN UN if
t-\ CM
CM
K\ m CM 00 r-i NO
it IA ON NO it CO
• •
ITN VO CM CM l<% o
CO
C~ rH CO © UN KN
ON NO CM rH ir\ C—
•









































































v'S o p 3s p 3*VO to &q 60 it 60 it
01 1 t. it C 1 C 1
c co 0> 1 •H CO •H CO
•H D*- <H CO j: kn x: kn
rH 1 c« KN to 1 to 1
CO O CD 1 CO O CO o












































rH f» >. >> >» c3 ii CD p a> p <v CO CO to
x> to£ O •a to•H 3 CO•H rHC •H COCO to0)O rH
u
o




hJ s s A s S CO s o
- 25 -
.d- 00 ON kn CM
o vo r- O o








o O o o
> > > > >




CM vo un CM CM
VO i vo VO VO
1 KN i t 1
KN T-i kn KN KN
CM 1 i CM CM
1 o rH 1 1

















































































































s w 3 CO w w w
- w co - CO 55 co
o o „VD W M VO * w w
ON CO s vo co CO a
c C G C c
o w O w o w O o
ca d- Cft J* Cft .d- CO w (ft w
t. 1 r< 1 h 1 h sf u J-
co CO co <D CO CO 1 a> 1
<~ CM «H CM «H CM <M CO Vi CO
«H 1 4h 1 <M 1 4h KN <M KN
V KN KN CO KN CO 1 (U 1
•9 r-\ •-3 r-t »"3 rH •"9 St •-9 ON
S S3 JS 3 >
>» f>> i» l» >>P P P P •P
rH •H tH •H •HO CO o in o o (ft o
CD <U >> a
^g (ft s CO s A! s in
cla ^ a SP CO <ft CO .2 (ft
s





5 X r. o E
<
s O






















































> > > > <
• • • •
m pq m cq ^
VO VO vo VO
LTN 1 1 i 1
VO lf\ zt- d- d-
1 CM CM CM CM
CM 1 1 1 1
1 o o O o
UN KN r-\ St OO
ON 00 J- OO KN










CM KN rH t*- o





& ON ON 00 KN
Jd- KN m rH UN
KN KN KN KN KN
VO UN st f- Jd-
KN KN CM KN KN
ON O CM H t-i
LfN OO ^~ CM UNO 00 KN KN KN
KN CM r-i CM CM
1O O vo st 1st
UN Er CM r-\ sto 00 KN KN KN















VO w 00 ^ r- ^ M is





























































































OJ CO 0) CO































rH o m a

































































































































P ft CM CM CM CM
cd £ t 1 • 1
a cd O O O o











































































•H Ij- vo3 CM
cd
o p U o p o
53
o
s >> CO o
ft
CO
<u S3 0) w u S. o
'3
3




CJ § § II




















































d- CO CO CM 00
• • • • •
UN £ VOKN VOKN *
ON d- H d- CMO CM rH rH M0
ON O CM VO COH CM CM CM
1H
CM
£ 1O f~ CM
ON rH O O UN
CO O CM vo 00










w w w H w









CO CD CO a> a>
1
COp vo P VO p vo P VO -p VO
iH 1 •H 1 •H l •H 1 •H 1
£
UN




o > {^ >
• • • •
PQ n PQ ffl
rH rH rH UN











C^ CO d- ov CM ON
KN CM O VO O rH
fc
KN O KN ON UN KN




























o 60 O o
w
CO CO a CO •H co CO 0)
i?
>5
ca •H Fh w u> M
0} •H d> P a> ft 0) (0 <u ^3 c^ wH c •d «9 •H CO •H <u •H > o o







caS (0 s ca £ ca2 1 as
- 27 -
CO SO ITS SO o o
OS
l*s.
LfS OS oo o o =y os P- o
-f J" as * .=*• os J- os r<s














> > > > > > >
• •
• • • •
m
LfS
ffl PQ m n «
ITS
m m
LfS SO trs irs SO CM
SO | H rH SO so rt 1 rH SO
1 tfS SO SO 1 i SO rH SO 1





























































































































(4 w SO 13 CM
00 co 1 CM rH
1 i <D CO JC rH •G »
CO CO co c o to 1 CO CO
K\ p KS •rH rH co CO tO rH
1 tH 1 t-H 1 43 rH 43 1
o r* r— cfl "^ CO 1 CO CO
CM s rH CO rH S ITS IS rH
10 (0 •H to tO
rH rH > rl rH rH W)
CJ CO V) 3 CO 0) C
O CO O >> rH 43 s S H
£ CO .c ^ rH (0 G M tl
CO .CO co CO CO rl cd (0 £> O s: 0) o rH o
rH rH rH O P £
rH X rH u P rH • t) • U
-H 3 •H o rH CO -p •rl -p rt




































































































































e >> c CD
(-. to G S (H JS u co
(0 to co CO s to to & S?o CO o CO u o o > >
u Pt rt rH
•
g
ft co • co • O •

















































































































































































































































































































































































>> >. >» faO >» 13
c c C U B f<
o o CO o 3 o 3
E E C Q A
s
A
u cd h •H S-, Ul la
a •H CD P at h cd U
m c » V} » co « CO
o 0! p -p
s W) S rH 3 H 3 rH
co
.2 CO cd CO cd CO «)a p a a. a & S; 3
C- CVJ NN CVJ KN CO
















































































































UN c— KN rH CM COKN o rH VO KN o
rH KN KN UN H VO
CVJ
|





















S: 5ea CO CO * CO w











3 5= 3 5= 56 2s
K> KN KN KN KN KN
rH r-i rH r-i r-i r-i
J3 1 JC 1 £ 1 x: 1 JC 1 ,C I
10 CO 10 CO 19 CO to CO in CO to CO
0) r-i cd rH cd r-i cd CVJ cd r-i cd rHO 1 A 1 .a • A 1 A 1 A 15 f- ^ rH .2 rH J?. 0- cd VO cd VO^ rH S CM 28 CM 5s r-i 56 CVJ 56 f-H
r? &O o o
E a s
s s S





3i a> gi CO COa CO a m a pq
29-
on CM NO IO o
H CM r-l CM CMO O o o ©
<H rH rH pH i-»
6
o









o n o n
E e 6 «
s-. l/J t-. w
C3 J" a fl)



















NO d- CO CO fO
ON NO vo t— rH
IO iH no t— ON
iH rH
CO CO o J* IO
to IO to © P-
CO ON JO ON CO
o to CO NO o
o on H CM ON
• • • •
VO & CO to H

































































S Se 3s 3=
3! to to to ro
to rH rH t-i rH
.c H £! 1 £ 1 £ i s: !
n I m CO V) CO to co u 00
rt W ca r-l « rH rj rH a) rH
J3 rH ,o -a l o 1 x> 1
CD 1 cfl
rO





o s oE a a
fc M o E
a5 d a rt
H cfl6 W h m
3 n3 3 cC 3





















































NO 1 IO CM CM
1 H/ NO NO NO















































































H g m co
co t3w * CO ^ w
s CO CO - Vj s
CO o
s g to w wo CO CO to g 55
& > M M w
.=»• .=!• rH rH rH




CO 0) CO 01
I
CO at W
n) d- P IO -p f- 4-> f- P C-
J2 i •H 1 ft 1 H 1 •H i






o 3 a 3 C G c/1
s rQ a> •H a) a> Q>
F4 u > u > CQ > W
ri rl CQ Pi a) II) CO ^
n
-p
« C? » co ra >
3 rH 3 (h 3
i
3







































































> £ & s
03 03 0) -H
K O S h
rH 3
3 O 3 rH
0) O 0) -H


































































t*i rH rH rA IA O
J ON f- o rH CMO • • • • •
lA c— O CVJ H- vo
,
,
rH (-1 rH .=f
8
rH
ft o CVJ t— • t~- O
>>











Pc. o ON cvi VO vo
> l-i J* CO J* CO
o
o rA =t J* rA CMH rA
1 r-l
C















a OJ a1 -d <uH CH -p a
>. ^
O VO CO On
M 03





<c bO > •* rA (A IA CM
bO o rA 00 P-
a
"£" ON CO * VO
*H r-t 00 ON rA IA
c CVJ CVI CM CM 00











rH CO ON rA r—





















a O c c o
r»» i
+5 o w o w •p 3t C
4-> 60 s w J- m d- bO ^- SoS
§
Eh G .d- fH 1 u 1 c i
•H 1 V co (U co •H CO a) i
O • £ CO <w CM <tH CM x; rH rH CO
o o w rH <M 1 <M 1 UJ L rH CO
0) OJ 1 4J d- 0) rH id lA CtJ 1




J3 10 0) 0)
-O P) G Q) >» rH c CO
c e a 0) m 0) ^ rH C3 u
cfl (D •H rH £> rH to •H •H o
s G rt > CU Q
g
tj CU
rH O "O o H 3 i ^O s > X W ^! O CO rHO u; 2> CB 3 CO t) S •H £ a)




CM CM C- r-i CM
rA rA d- IA rA rA
rH rH rH CM rH rH




































• • d- lA OQ o 1 •
• • o 1 VO rH
s t* 00 rH
o o 00 CO ON
o CM CM o O
• * 1 •
ON CO lA 1 J* VO
rH CM rA
f~ rH
o CM rA lA o CM
o J- CM rA rH ;*
o H O ON rA a-
t— vo CM rH
CM
lA rH ON tA t-
1 m
CM it rH 1 J* rH
rA rA CM rA rA
d- rH CO o CM J-
• • •
ON CM vo r>- O 00
rH CM CM CM ^1- rA
rH I>- t- CM lAlA o CM l>- .3-
CO rA ON C^ !>-
P- r-\ rH rH CM CM
IA 1 1 1 1
1 O lA c— CM ooO CM ON ON vo rA






rH r-i CM CM
& S 3: M 3:S
J*
CO
a CO CO CO




CO CO co 00 CO
w w g w 3s HCO rA co s J3 s s
C c w c a a w a W
•H W •H oo •H w •H w •H CO •H co
+J 00 P i •P CO P 00 P 1 P i
CO 1 crj CO ca 1 a) 1 cfl CO CO CO
rH CO rH t- r-t co rH CO rH p- rH c^
rH 00 rH 1 r-i 00 rH 00 rH 1 rH 1





as 0) C 09
> s T-1 0)
rH •H h w
>i p O. i?
cd w ca rH nf w CO co a) > CO CO






a a eS a
CO
























un CM CM un vo







1 1 1 1 1





































KN UN O VO it
































































H CO Am w s
rH
rHP 1 P 00 0) r— ft 1
Cfl CO 03 1 c i
l
• co CO
rH t- f-t co •H CO CO 4-> H-H 1 rH CO ft 00 cd r>- •H 1
CO CM CO 1 CO 1 i 1






>> 0> w o
w .* 3 to (0 ft ft
n w 4J
,<? •H S
et o CO IV c > rH to
1 H 1 E OJ rH aO H 3
<
•H H





















































CM CM CM CM
1 1 1 1











CO it o CM f-
o ON KN ft ON
• • • • •
o CO CM ON rH
ft J" ft ft
it o r<N r*N O





ft 00 CM ON d-
UN CM ITS UN oo
• • • • •
it J* CM VO a-
00
ON UN UN UN UN
CM fN, l«N KN KN
OO CO
vo l>- CT\ CM UN
KN KN CVI KN KN
dt O ON UN KNVO O ON KN ft
KN ft UN 0O O
ft CVI r-t ft CM
1 1 • 1 1
vo UN ON ON ft
d; CO p- ft ON
KN O UN CO ON
ft CM H ft rH
w
CO co
W 3: ^ & Mo it ^ j± rH





co <U CO 0)
1
COP ^r P J/ P KN 4-> KN •P H"












ft ft cflH •H -H
rH rH rH C
rH £ H O
•H 0) •H bO
P4 « £ 3












































































<D CO CO COP KN P KN



















1 E . •
•T
•u O >
a rH £ t














































I r-l O W a
t-i CO ft CO O
a> ft to S
JJ O S !>> h
s? « a "O <u
hi Vt +> '" ft






















































































































ffi w W w »h 1 r-l O o d- wp r-4 H r-t r-l o
§
Eh 1 1 1 1 l-t
l CO a> CO <J> CO <u CO a> 1





CO £ ONrH £ voKN g S r-tKN § 1CM
O u o o o
>>
g g X g s §
Pi O O Hi o o o
•p •p V p •p V) •p W
•o n m u n w CD (0 <U
C p. VI P. o P. Pi U p. 10
CO ft n ft ft i-t ft i? ft .£?
rH 2 H ** M eg i*l > e-l >rH rH H a i-l x: r* H
O ft £ ft •H •H •p •H 9 ft 3O x: x: CO X! a X! x;















































w w w O
rH rH o ££rH to rH rH
1 •a 1 1 (0 1
a> CO S CO 4> CO ft CO
•p KN S3 KN +> UN r< CO
•rt | » 1 •H 1 1-1 1


















o r-i d- C— KN
o ON rt ON rt
Snr-i d" CM d" CO
r* l-i <H r-i ON rt
O o O O 1o 1O
> t* >• > > >'
• •' • • ft ft
m PQ' A PQ pq PQ
UN L'V UN
r* NO rt VO rt VO
VO 1 VO 1 VO •
1 rt 1 r-l
ccS
CVJ
r- rt KN rt rt
CM 1 1 • CM 1
t H O rt 1 ri
ON i-i i-i rt VO r-i
t— CO KN CM
it CO NO UN
• c • »
iH ON UN O
rH rt ri
NO CM KN KN









NO KN O- r>- VO VO
KN KN KN KN KN KN
d- KN i-i s UN KNi-i i-i ON KN ooO CM ON UN ON o


















































u> ON o t-
a
CM CM KN o
KN ON k\ KN
rH rH t— ft rH
1 1 1 1 1© O o o o
> >' > >' >
• • • • •





















CO CM KN XN d-
VO ^ CM CM o
• • * • •






• • • • •
CNJ IXN d- =t IT\
r-t
C- O KN =t NO







KN O ON CO IfN
KN KN CM CM KN
t- d- 00 CO o
• • • • •
KN CO CO ON c-




£ c-os «£" KN






ir\ ON o CO r-
CM CM CM CM <M
8 S3 g g 13
3 W CO § g
8 3 £5SB 1 g
c
8 M M W o WNO NO NO 10 kn
ID 1 OJ 1 <U 1 11) 1 h I
c w c co C CO C
.22 CD
CO
h t>- •h CO •H CO H CO Vi r-l
rt uK
f-l 1 r-l 1 r-4 1 *H 1
Cd NO ca d— CO O CD rH








to CO 3 CO in
co xj 0)
3 10 sx to 6 a
•H t> •H 01 rl P




























































































































































O c a a Cp o w O o O
60 & (0 H io w (0 W io w
13 rH (h 1 tH H U rH in rH
•rl 1 <1) CO a> i CO 1 a> i
X! cO «H CM <M CO ^ CO 4h CO
CO CM 4h 1 «H CM <-t CM ^H CM
































































X! 1 £ 1
CO CO (0 co
cd CM cd CM
XI 1 X) 1








a> > a> XI
-p ft -p co
w >> 10 U
cu W a> 0)
x: C X! •p
o £J o ft
o a> o cd
cc p-. « *
rH i-H rH rH rH
a> cd






























CJ -H WP O C












>• > > > >
» • • • •



































































































































CO w wm CO a
p 1 WON
W
ON •H £ CO iH 00
c £< 1 1 •P • 1 •p 1
1 4> CO id CO a) co d) CO cd co
o • 4-> in +> vo H t>- +> t^ rH r-










in ctl HO CVI
>>
cd iH 6Q to 60
A c fa h h
n) 3 3 P
"O O > O o .o O .o O J3
c rH <a ca n
cd o >> •o •a JH a Ch a fn
c3
<a §
CD c CO a (U C 4>
rH c u CIS P co 4-> cd -p
o rH c rH o rH i-\ rH rt rH rH
o O a> O H o S* O CO o cs
pv. K P* « a « 5: K 3: « &
oo VO
ON CVI ON CO CM vo
vo cvj 00 CO o- CM
t~- t-t c— E- c— rH
1





























































ON rH ON ON ON vo
in VO in in in 1
i 1 i • i VO
CM d- cvj CM CM t-i
CM i CM CM CM 1
1 o 1 1 1 r-\
C— i-{ t— r— C- r-{
CO J- CO CO in CM
o VO vo r-i o =t
• • • •
o o CO o oo O
CM t-i rH r-i
in in CM in CM KN
oo KN KN C— r-\ 00
• • * 1 .
o vo in m m in
r-\
ON t— 00 CO r-\ t—
KN. in 00 ON ON KN
*
c— J- KN KN KN :*
ON CM t— in O O

















00 W 00 ON W w
1 ON 1 1 ON ON
a> CO d> | <u co a> CO (U 1 01 1p r— +> CO ±* vo +> in -P CO -p COH i •H vo tH 1 H i •H VO tH vo
£ I in 3 CM rHKN S 00 g ION
60 (0 to 60 60
fa 60 rl U fa
3 c 3 3 3O J3 o H o a o 43 o J3 o
10 f- Ul (0 (0 CO
T3 fU O
C&
•o a a C a G •a to
a <1> c §
•H c •H C •H a <u
aj p CO a n) •a co o a S
rH rH rH m H u rH fa rH fa rH SO (0 O ai O CB O a O cd O
« 3: « £h (C W ffi w K W « o
-35-





iH fH rH rH rH
1 1 1 1 1






























1A ON <-\ d" A
t—
UN o ON rH 00
kn 00 VO CTV o
• • *
c- in in J- m
d- ON o m CVJ
rH rH CVJ VO t«-
• •
in d- J- m KN
in t>- rH vo ON
• • •
A cvj KN t-i rH
CVI K\ kn KN m
zt VO vo ON 00
KN kn m KN KN
£ vo r- c- ocrv c^ VO i-i
CO t>- CO OS on
CVI cvj cvj cvj CVJ
1 • J 1 1
t— ov VO t*- o
o m vo .=!- o
co c^ CO ON ON





w 3 H CO ^
CO a a u #4 a co4 ta £ w
3: W co 3 sa w § CO wCO g - CO W - s 53
00 s o .. CVI
S H
VO 3 kn at to \ w
CO CVJ CO o kn co S3 M co
w w G JS wM co ON •H 00 CO
ON 1 1 •P 1 1
0) 1 <L> CO CD CO CO CO V CO
•p co P [^ P in r-t t— •P t—
•H vo •H 1 H • rH 1 •H 1
3 O- £ CVJ H





c •p c S
r. c CO jC
r) •H rH p





-a rH •o Si o
.&
c c > c >




































> > > > >
• t • • »
n « n ri ID
in
vo i-K CVJ l*N
i VO in vo VO
KN 1 vo i 1
rH d- i m ^
1 1 T-t CVI tM
r-l O 1 i 1H rH ON oo OO
o o 00 r-< l«N
rH r-i r4 r>-
00 r- ON ON f-
VO d- cvi .=»- vo
• • • •
in in VO VO Cvl
tA
r-t rH CVJ l>- o
r4 o =t t— oo
•
-d- d- d- d- 00
J-
in
o- OO C— m VOm KN KN KN Cvl
in ON KN VO t>-
oo t— ON d-
aSo rH o ONm KN KN cvj rH
i 1 1 i 1
ON in KN vo iKt~ c— OO KN
o rH O CTV CO





m C rH h
C9 0) U 3 o (>> •H ja §CO O .« to [0







CO 2 rP g
rH
3
rH (0 rH o
S B
• r-i
O o p, O u +i -H

















































Ui w CO U
h CVI u CM
0) 1 0) 1
<m co Cm CO
<« r-t U rt
QJ 1 V i





















IA IA cm CVI CM














tA NO ON o

























































































































































































































(h LA c*, OO





























































































































LA CM r-\ rH

































































o o CO c CJ J3 CJ ja CJ 43
cd
•H
•H (0 to to







COp i toP f, P
o bO o O o rH o rH o r-i o H
CO 4J t-\ p Ctt -p at p cd -p «
CO CO O CO J>4 CO » CO IS CO 3
-37-
.a- CVJ vo o
paPA CO OJ paCM r>- CM CM CVJ
1 1
t-i rH rH


































































vo on r-i vo
1
1 LA VO 1PA 1 1 PA
CM rH A CM
1 CM 1 1O 1 © O
































o IfN r- i-i CM













CO vo o PA o










d- IA CO ITNIA PA PA IA
CM £-
.=J- CO
3 PA ON ftO
CM CM CM PA
A
1H 1ON 1ON









•3 toE 2M co Sh
o c o x
-p 0) p -
oo « CO <
CM PA






o O O 1o 1o

















l-l d- CM CM
1 1 1 CM 1
rH o O 1 o















































4-> LTV •p LA •p d-H 1 •H 1 •H 1






















d- d- l>- VO f*.PA PA PA PA PA
O tfN ooo J- PA






















CO CO bop to b


































































































a) w a' r-i
*j at p d)
>3- r4 p. x;
§ s p (1)W o CO fS
-38-
10



























1O O o o O
C\i
o ON ITN NO ON
f- NO OO t- J"
rH H KN rH KN
rH iH rH rH rH
I1
o



















































I 1 CM ( NO
CO CO rH CM 1
CM CM 1 1 rH
1 1 H O 1



















































o CO ITN NO CO
NO CM NO KN NO
« • • •
•
CM NO CM lf\ ON
iH rH rH CM
o CO UN ON CO















o W m NO
u CO •H <D o
KNa, •H Ul c
+> O c r»> rH






H CC p *

















































































UN IfN st 00
KN KN KN KN
KN C~- o O UNO KN st C- t-
NO CM CM rH CM
CM KN KN KN St
A CM 1st 1NO Jn
ON KN KN NO KN
ITN CM CM rH rH


















































































































































1o o o O O






























>> CO >J CO
rl ^t (4 JH-
Jh 1 h 1
8 K\ <D LA



























o KN. KN t-iCO t-\ ON LTN
•
• •
a O c- CMrH
•s\ fc 00 CT\CM vo o CO
•
• • •
























CO in OO M0
kniM kn m m
<M o KN in VOVO 00 vo o ON
rH o o j- j±
rH rH kn KN kn
1 1 i 1 ig J* ON OO CMin P- m 00 ON(- o o m .-$

























cd 4) CO >>
h (0 (h £





















































































































00 ON m in
CM CO ON t^
1 « •
1 VO J* o o
rH rH r-l
CM t-t ON vo
<-i CM ON rH
1 • •
1 00 tn m vo























































































































1 fa H rH rH l*\ rH
a cB
CK s
m ov OV 00
m vo CO CO rH H
,Q . J- CM m KV zt
rt o rH rH rH CM H





































































-*- VO VO CM3 m 1 VO









1 l rH H 1


































































































































































C-- o o o





s m § >
»3
co H CO 3 SB
CO 3 M s - co a
o
ts t— ^ vo M
o „
irv > 5s




41 1 H 1
O CO a CO
u rH c t~-
G CO 1
o in H ov





0) O « o •H













p 4) (0 <M Ih
























CO OO OV CO 00
K> f\ l^k f<> K\
K\ 00 OO IfV CM
rH VO CM o LTV
C— t»- C— l«-\ lf\
CM CM CM CM CM
1 1 • 1 1
KV O o ov O
ON vo CM OV I*\
VO t— r- CM trv














g o w m co 3"CO CO
G w G w
•H KV •H KV
rH fH 1
M CO V CO
^ ir\ jjj in
cO i CO i










(d O (1) c3 o Cw o V 60 ,0 60
£ +5 CO & t
fa p in G w•H G GiH
H
ta
U > CO fa >
+> 3 •P 01




















































































G W a wH KN t4 KN





CD 1 CO iU 00 E rH











































f- O C~ CM o
rH rH r-l








•* NO .=*• t— UN
ON

































rt w •H CM




a NO CO 1
^. 1 U OJ
&. jo- 6h rH
c c c c cc O O O Op vi p P P 41
'-: CD 00 bO t>> bfl to
c w c c X c V] c -PH £ •H •H CD •H (0 •H rH-P -P CO -p O p o +> 3


















O O 1O io
>'








































































































































00 t>- OO NO NOKN KN KN KN KN









CM CM CM CM rH
CM
1
o 1 1 1KN
NOON J- ON uS

















































































CO W (0U rH h
























43 • l*N ^t
cfl o rH H
>J £ 1 1O O
-42
i a





























































































































































































































































>s CO CO >» CO
(U NO 0> C^ CO *> cu m
V) 1 CO 1 J3 • in 1
O f— O NO 5rf d- o CN
P4 rH p< »f% O rH 04 CM
60 60 60 p> M
d tj u C
S3 3 3 O
43 41 43 i
43
to 2s 03 0} W
E
r4 h 0) (4 cd ^H
0) >» a> •p C0 S CI)
o P 0) -p § P p43 rH > H rH 25 rH
nJ Ctj O CI) o CD e CO






































>> 60 >. 60 60
c U C h fc
o 3 o 3 h 3
B 41 a ^> 4) 41
^4 0} u 0} P 03
td U n) fc ta >H
M CD S cu a> cyP p 43 p
s rH 2= rH o rH






















in in CO UN
o o ON rH
•
CO CO m Jt
rH H
CO NO ON in
ON ON t— CO
NO NO NO rH
NO UN UN CM
• •
KN K\ KN d-
I*
r»- NO t»- NOm KN m KN
UN Zt- o o
o rH m o
CM CM ON CM





CO t<- o CO









o CO t>> CO
1/3 CM 0) St



































































CD CO CD VO
X rH 10 1H I O rH






1! c ES Pi
r-\ H O <DA o .o -P
E t-, rH rH
3 co CD nj
























































































































































Armon, W. J., Coburn, A. A., Mast, R. F. , and Sherman, C. W. , 1964,
Physical properties of Illinois crude oil. Part I: Illinois
Geol. Survey Illinois Petroleum 78, 53 p.
ASTM Committee D-2, 1953, Standards on petroleum products and lubricants:
Am. Soc. Testing Materials, Philadelphia, p. 153-155, 191-197,
432-434.
Rees, 0. W. , Henline, P. W. , and Bell, A. H. , 1943, Chemical characteristics
of Illinois crude oils with a discussion of their geologic occur-
rence: Illinois Geol. Survey Rept. Inv. 88, 128 p.
Illinois State Geological Survey Illinois Petroleum 81
44 p., 1966


